The herbal polysaccharides have been the subject of many studies for a very long time, especially because of their physical properties, chemical and physical modification and application. Adhatoda vasica has also been traditionally included in preparations for the relief of cough, asthma and bronchitis recommended by Ayurvedic physicians for the management of various types of respiratory disorders. In this study, we have focused on activities of pectic arabinogalactans isolated from Adhatoda vasica on experimentally induced cough reflex and the changes of specific airway resistance in vivo conditions. The substance from leaves of Adhatoda vasica was marked as P-601 and the substance from stem bark of this shrub as P-602. The aim of presented study was to compare the antitussive activity of isolated arabinogalactans with cough suppressive activity of codeine ("positive" control) and effect acquired after application of water for injection ("negative" control). Conscious male Trik guinea pigs (200-350g) were exposed to citric acid aerosol. Peroral administration of these substances in a dose of 50 mg.kg -1 body weight decreased the number of citric acid induced cough efforts in guinea pigs more effectively than codeine. They did not induce any significant changes in the values of specific airway resistance and did not provoke any observable adverse effects.Our test results confirmed that polysaccharides isolated from Adhatoda vasica in vivo conditions have expressive antitussive effect compared with the oldest and the most effective cough suppressive agent -the codeine. The positive thing is the studied substances, despite strong supressive activity, did not induced any adverse side effects.
INTRODUCTION
Topicality of the research in this area is based on the fact that cough is the most common symptom for which patients seek medical care of doctor for the first contact or specialistpneumologist (1) . Cough is an indispensable physiological reflex that helps to clean the respiratory tract from secretions, bacteria, cellular waste products and foreign materials when ciliary activity of the respiratory tract is inadequate. That means the cough protects the respiratory tract mucosa from potential sources of obstruction or irritation. Basis for coughing is receptor activation by mechanically, chemically, inflammatory processes or aeroallergens. Cough receptors are located under the mucous membranes of the respiratory system transferred to the bronchioles. They are concentrated in the carina, tracheal bifurcation, and its rear wall. For the cough receptors are considered especially afferent myelinated A fibers known as RARS (rapidly adapting receptors). Stimulation of RARS clearly initiates cough reflex (2) . However, cough can also be induced by stimulation of nonmyelinated C fibers. It is assumed that while receptors of afferent myelinated A fibers involved in the formation of cough directly, the role of receptors of afferent nonmyelinated C fibers is indirect (3) . The individual parts of reflex arc are subordinated to the anatomical and functional changes during the chronic respiratory diseases. The result of these changes is an inadequate excessive response. Cough becomes pathological, loses its protective function, causes discomfort to the sick, reduces quality of life and moreover, may also lead to life-threat-ening complications (4) . The most effective long-term antitussives used in the treatment of cough, act on central level. Their disadvantages include a huge number of adverse side effects (5) . As the most hopeful appear to be herbal substances, which is assumed to lower incidence of adverse effects. For antitussive and expectorant effect of plants are responsible plant alkaloids, flavonoids, saponins, terpenoids, polysaccharides and other bioactive substances. Plant polysaccharides create on the contact surface protective layer, which reduces the irritation of cough receptors and vagal nerve endings leading to decrease in the parameters used for assessment of cough reflex (6) . In this study we have focused on activities of peptic arabinogalactan isolated from Adhatoda vasica.
Arabinogalactan -proteins (AGPs) are found in most higher plants. Although the physiological functions of AGPs have not yet been identified, some evidence is found that they are involved in plant reproductive development, pattern formation and somatic embryogenesis. In general the arabinogalactan moiety of AGPs represents 90% of the weight, while the protein moiety represents 10% of the weight. Type I arabinogalactan consists of long -(1 4)-linked D-galactopyranose (D-Galp) backbones substituted with short -linked and -linked L-arabinofuranose (L-Araf) side chains. The arabinogalactan moiety is characterized as a type II arabinogalactan consisting of a (1 3)--D-galactan core branched at O-6 with (1 6)-linked galactan outer chains heavily substituted with terminal -L-arabinofuranosyl residues. The protein moiety was found to be rich in the amino acids hydroxyprolin, serin, alanin, threonin, and glycin and although also AGPs have been characterized with different amino acid compositions (7) .
Mechanism of cough suppressive effect is probably identic with the action of the herbal mucilages, while we know that they are able to create a protective layer of mucous membranes, especially in viral diseases of upper respiratory tract, leading to reduced stimulation of cough receptors (8) .
Adhatoda vasica is an evergreen shrub and a medicinal plant which is a home remedy for several diseases and human requirements. It is mentioned in Vedas as a herbal remedy for treating cold, cough, whooping cough and chronic bronchitis and asthma, as sedative expectorant, antispasmodic and anthelmintic. It is an official drug and is mentioned in the Pharmacopoeia of India (1966). The drug is employed in different forms such as fresh juice, decoction, infusion and powder; also given as alcoholic extract and liquid extract or syrup. The leaves and roots contain alkaloids, vasicinone, vasicinolone and vasicol, which may have a bronchodilatory effect of the bronchii (9,10).
MATERIAL AND METHODS

Plant material
Leaves of A. vasica were collected from the garden of medicinal plants, The University of Burdwan, West Bengal, India. Collected. leaves (10 g) were washed thoroughly with tap water and then blended with water (800 ml) in a mixer (Waring Products, Inc.,Torrington, CT, USA) (11) . Extraction of polysacharides, isolation of arabinogalactan proteins and chemical analysis were described by Chattopadhyay et. al. (11) .
Animals
The experiments were carried out on the conscious male Trik guinea pigs weighing 200-350g. The animals were obtained from the Department of Experimental Pharmacology, Slovak Academy of Science, Dobra Voda, Slovakia and located in faculty animal house. Guinea pigs were kept in the animal house with standard air conditioning system. All animals had a free access to water and food. They were adapted in quarantine to our conditions during several days. Experiments using animals were performed in accordance with the local Ethical Comittee at Jessenius Faculty of Medicine, Comenius University in Martin.
Each of polysaccharides as well as codeine ("positive" control) and aqua pro injectione ("negative" control) were tested on individual group of animal consisting of 6-8 guinea pigs. Conscious animals were individually placed in a double chambers bodyplethysmograph box for laboratory animals (HSEtype 855, Hugo Sachs Elektronik, Germany) consisting of head and body chambers. The nasal airflow was registered in head chamber and the thoracic airflow in body chamber. The value of specific airway resistance is proportional to phase difference between nasal and thoracic respiratory airflow.
Aerosols were generated with an ultrasonic nebuliser. The plant substances were applied to guinea pigs perorally in the dose of 50 mg.kg -1 b.w. The cough reflex was evoked by citric acid in a concentration 0,3M. The citric acid aerosol was produced by a jet nebulizer (PARI jet nebulizer, Paul Ritzau, Pari-Werk, Germany, output 5 L/s, particles mass median diameter 1.2 m) and provided to the head chamber of the plethysmograph in 3 min intervals. During the exposure, the animal was continuously observed by two trained observers that evaluate the cough response objectively. Two observers analyzed typical cough responses and counted number of cough efforts. The citric acid induced cough and specific airway resistance were registered without any agent application and after that in 30, 60, 120 and 300 min intervals. Between measurements was observed 2 hours break for adapt cough receptors.
The reactivity of the airway smooth muscle in vivo conditions was expressed as values of specific airways resistance calculated according Pennock et al. by time difference between pressure changes in head and chest parts of bodypletysmograph during normal breathing pattern. After finishing the experiments, animals were monitored for 10 min and subsequently carried away to the animal house.
Statistical analysis
Data from the cough studies are expressed in total number of coughs. Data were evaluated using an unpaired Student t-test. All data were shown as mean ± standard error of the mean (SEM). Significance of p < 0.05, p < 0.01, p < 0.001 is shown by one, two and three asterisks (*).
RESULTS
The effect of pectic arabinogalactans from A. vasica was evaluated on the citric acidinduced cough reflex and reactivity of airways smooth muscle in vivo conditions. For comparative purposes, codeine was simultaneously assayed as known reference compound. The results of antitussive test showed that peroral administration of the subtance P-601 in a dose 50mg.kg -1 body weight brought about a significant decrease in the number of citric acid induced cough efforts (NE) in adult healthy awaken guinea-pigs (Fig. 1) . The first statistically significant result within 30 min after application was observed. Furthermore, this positive effect was observed during all the study time intervals. Notably, the suppression of cough efforts by the polymer was quantitatively that of codeine apllied in a dose 10 mg.kg -1 . Airway resistance is a concept used in respiratory physiology to describe mechanical factors which limit the access of inspired air to the pulmonary alveoli, and thus determine airflow. It is dictated by, inter alia, the diameter of the airways. At present the relationship between cough and bronchoconstriction is not known with certainty. Although it is generally accepted that bronchodilating substances can cause cough suppression. Therefore, we have evaluated the changes of specific airway resistance as indicator of this activity. Our result suggests that the application of substance P-601 from A. vasica in the dose which provoked cough suppressive activities did not significantly change the values of specific airway resistance (Fig. 2) . , codeine in the dose 10mg.kg -1 and water for injection in the dose 2ml.kg -experiment, the substance P-602 in some intervals exceeded the effect of codeine (Fig. 3) . The results of our experiments have shown that substance P-602 did not influence the reactivity of respiratory smooth muscle (Fig. 4) . Negative control -water for injections, that were applied at a dose of 2 ml.kg -1 body weight did not influence the number of cough efforts and the values of specific airway resistance.
On the figure 5 is expressed as percentage the antitussive effect of codeine, A. vasica P-601 and A. vasica P-602. There can be seen only minimal differences of suppressive effect in both applied polysaccharides compare to codeine.
35 Fig. 3 . The influence of the pectic arabinogalactan P-602, codeine ("positive control") and water for injection ("negative" control) on the citric acid-induced cough efforts (NE) in guinea-pigs recorded at 30, 60, 120 and 300 min time intervals. All used substances were applied by peroral route of administration: plant polysaccharides in the dose of 50mg.kg -1 , codeine in the dose 10mg.kg -1 and water for injection in the dose 2ml.kg -1 body weight. N, initial values before application of the polysaccharides and codeine. Statistical significance is marked by asterisks ***p < 0.001; **p < 0.01; *p < 0.05. Fig. 4 . The influence of a polysaccharide P-602 and control agents (water for injection and codeine) on citric acid induced changes of specific airway resistance (sRaw) in vivo conditions, registered before any agent application (values labelled as N in graphs) and after that in 30, 60, 120 and 300 min time intervals.
DISCUSSION
The antitussives from the group of narcotic analgesics are widely used in clinical conditions. Their cough-suppresive effect is very strong in doses below those required for pain relief. Although, they are associated with relatively high adverse effects such as depression of the respiratory centre, decreased mucus secretion in bronchioles, as well as ciliary activity (12) . All of these facts compel us to look for other non-narcotic substances preventing the pathological cough (13) .
The herbal polysaccharides have been the subject of many studies for a very long time, especially because of their physical properties, chemical and physical modification and application (14, 15) . Several works realized in our conditions have shown that plant polysaccharides could represent an effective alternative to synthetic drugs, because they decreased the parameters of mechanically and chemically induced cough reflex comparatively or even more in comparison with efficacy of peripheral antitussives (15) . Presented results of our experiments also confirmed these facts. These findings clearly indicate that the polysaccharides isolated from Adhatoda vasica in vivo conditions have a significant antitussive effect comparable to the oldest and most active cough suppressive substance -codeine. We also found out that the polysaccharides applied in experimental animals did not induce any adverse side effects, which we consider to be positive in comparison to codeine. The mechanism by which plant polysaccharides influence experimentally induced cough reflex is not yet fully understood. We assume that observed cough suppressive effect of plant polysaccharides Adhatoda vasica may be associated with their ability to increase production of mucus in the airways, whether direct or indirect effects (via vago-vagal reflex). Increased production of mucus may hamper the access of irritating stimulus to airway mucosa. It is known that many plant polysaccharides, including those observed in our study, suppress experimentally induced cough reflex through this so-called barrier mechanism. In addition to increasing the secretion of mucus in the airways may the application of plant polysaccharides influence the nerve endings in epipharynx. Important is their ability to increase production of saliva. Hypersalivation subsequently leads to activation of swallowing reflex, which together with the cough reflex shared some central coordination mechanisms (16) (17) (18) (19) . Similarly, these facts can be applied in our observed suppression of cough after treatment of polysaccharide Adhatoda vasica.
The other mechanism of antitussive activity of our pectic arabinogalactans may be associated with an antispasmodic action or bronchodilator of many antitussive herbs (20, 21) . They cause bronchial muscle relaxation in vitro, or decrease airways resistance in vivo. The arabinogalactan of present study possesses very high cough suppressive effect and decreas- es the values of specific airway resistance in vivo conditions only slightly. Pavord (22) reported that bronchoconstriction causes or enhances the sensitivity of cough, while bronchodilation does the opposite. However, the role of other mechanism including bioadhesive effect of the polysaccharide to the epithelial mucosa (23) cannot be ruled out. Further research should be directed in this area.
